The SnO2/Sn3O4 were successfully prepared using a one-step hydrothermal method and exhibit the heterostructure formation. The heterostructure formation facilitates the enhancing of visible-light photoresponse of SnO2 which well known as the UV-light activated semiconductor. The heterostructure formation also exhibits high efficient photocatalytic performance by completely degrading 10 ppm of DB71 in 120 minutes after adding 50 mg of prepared-Tin oxide with a kinetic rate constant of 4.636 x 10 -2 min -1 . The kinetic constant rate of prepared-Tin oxide has 2.5 and 3 times faster compared to the kinetic constant rates of SnO2 and Sn3O4, respectively. The high efficient photocatalytic degradation was generated by the improvement of carrier mobilities through manipulating band alignment between SnO2 and Sn3O4 and prevented the recombination of photogenerated hole-electron which commonly generated in the intrinsic semiconductor. Heterostructure SnO2/Sn3O4 was not only forming high-efficiency photocatalytic degradation but also exhibiting blue shifting phenomenon. The UV-Vis adsorption response approaches were used to investigate and propose the photocatalytic degradation mechanism. After 120 minutes, there were only benzene adsorption peaks detected indicating the mineralization of DB71 dyes.
INTRODUCTION
In recent decades, most of the environmental research address into developing the wastewater treatment to remove the organic pollutant which is generated by the anthropogenic activities from several sectors such as industry 1 , hospital 2 , household 3 , etc. Several efforts have been made and successfully remove the organic pollutants before releasing to the environment [4] [5] [6] . Although the progress on wastewater treatment has been made, most of the treatment only change the phase of a pollutant from wastewater to concentrate pollutant which further becomes the secondary pollutant due to incomplete treatment. The proper wastewater treatment is still a major challenge to find suitable wastewater treatment which could completely remove and eliminate the pollutant from wastewater.
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The photocatalytic reaction had gained tremendous interest in last decades due to its potential to degrade and mineralize most of the organic pollutant through utilizing the photon energy from the light source 7 . Several semiconductors such as TiO2, ZnO, SnO2, and Sn3O4 have been successfully explored as photocatalyst and possess excellent performance in the degradation of organic pollutants [8] [9] [10] . Among them, Sn3O4 has promoted higher efficiency performance when activated by visible-light radiation (λ>390 nm) due to its narrow band gap (~2.5 -2.9 eV). Furthermore, the photoresponse in visible-light regions open the possibilities of Sn3O4 activated by sunlight irradiation as the highest visible light source in-universe. Moreover, several works have explored Sn3O4 as advanced material and successfully applied as chemical and gas sensors 11 , anode materials for lithium-ion battery 12, 13 , solar cells 14, 15 , and photocatalysts 16 . To be specific as photocatalytic material, the visible-light irradiation introduced the electron from valence band to conduction band of Sn3O4, leaving a hole (h + ) at its surface. The photo-generated hole can oxidize the adsorbed water molecules or hydroxyl ions to produce highly oxidative agent, hydroxyl radical (•OH), which can promote the degradation of organic molecules as contaminant 17 . Moreover, the narrow band gap of Sn3O4 has the advantageous in adsorbing the photon energy compared to the wide band gap of semiconductor because the narrow band gap can easily promote more holes using low energy wavelength (visible light wavelength) 18 . However, the narrow band gap semiconductor potentially has higher recombination process compared to the wide band gap semiconductor because the excited electron could easily recombine if the excited electron or hole do not spontaneously capture the target molecules. The recombination becomes the main problem in the photocatalytic reaction of narrow band gap semiconductor and should be avoided to generate high photocatalytic performance. Currently, studying the preventing of recombination phenomenon have been successfully developed by several efforts 19, 20 . Most of the works focused on the engineering process to transfer the excited-electron to the other band of compounds to improve the lifetime of photo-generated holes which well known as the heterojunction formation. In the formation of heterojunction, the optical structure is manipulated by band alignment between two semiconductor 18 resulting in high electron transfer through the interface of a junction to the opposite direction and leading to a spatial separation of photo-generated electron-hole. The effective separation suppresses the recombination process and improves the existing time of the hole, resulting in higher photocatalytic activity 21 . In addition, the manipulation of electronic structure between two semiconductors through the heterojunction formation enhance visible-light photoresponse of UV activated semiconductor 22 . The formation of heterostructure has been reported by several works [23] [24] [25] and have proved effective to enhance the photocatalytic performance 26 . Our previous experiment 22 have successfully prepared the heterostructure semiconductor of SnO2/Sn3O4 by adjusting the precursor acidity which controls the phase transformation of Tin oxide 27 . The presence of Sn3O4 in the heterojunction formation enhanced the visiblelight photoresponse of SnO2 which have the maximum adsorption in UV-light region. However, the enhancement of photocatalytic performance has not confirmed yet. In this study, the prepared-catalyst is tested to degrade tri-azo dye direct blue 71 which has high chemical complexity resulting in high stability. The enhancing of photocatalytic performance is confirmed by comparing the photocatalytic performance of SnO2/Sn3O4 with the performance of pure SnO2 and Sn3O4. Furthermore, the successful degradation of direct blue 71 could be a reference in the degradation of a high complex organic compound using highefficiency photocatalyst.
EXPERIMENTAL Materials
All chemicals used were analytical grade which obtained from E-Merck and was used as received without any further purification. SnCl2.2H2O was used as the precursor. Sodium hydroxide (NaOH) pellets were used as the precursor of a base solution to adjust the precursor initial pH. The absolute ethanol (≥99.5 % of purity) was used as a solvent.
Preparation of SnO2/Sn3O4hetero Structure
The preparation of SnO2/Sn3O4 heterostructure referred to our previous work 22 with some modification. 4 mmol of SnCl2.2H2O (E-Merck) is well dispersed into the mixture solution of the distilled water and ethanol (2:1 v/v) and actively stirred for 30 minutes. Furthermore, the precursor acidity was adjusted to 2.5 from pH 1 by slowly dropping 1 M NaOH. The obtained solution was carefully transferred into a Teflon-line stainless steel autoclave and hydrothermally annealed at 150 o C for 12 hours with a heating rate of 50 o C per minutes. The obtained-product was centrifuged at 10.000 rpm for 30 minutes and gently washed with distilled water for couple times and ethanol in the last washes. Finally, all the product was dried at 70 o C for 24 hours.
Characterization
Prepared-Tin oxide was characterized using X-Ray Diffractometer (Bruker D8 Advance with Cu Kα, λ=0.15406 nm) to identify the Crystal phases and composition. The surface morphology and structure of prepared-Tin oxide was imaged by Scanning Electron Microscope (Nova NanoSEM 450, FEI). The photoadsorption response in UV-and visible regions was characterized by UV-Vis spectrophotometry equipped Diffuse Reflectances Spectroscopy (Shimadzu UV-2600 Series). In order to measure the surface charge of prepared-Tin oxide, zeta potential analyzer (Malvern Zetasizer Nano Series) was employed by checking the zeta potential of prepared-Tin oxide as a function of pH.
Photocatalytic Degradation Test 50 mg of prepared-Tin oxide was suspended onto 10 ppm DB71 dye (Aldrich, 50% dye content) solution in 250 mL deionized water as an organic pollutant model. Prior to illumination, the adsorption capacity test was conducted by magnetically stirred the suspended solution (catalyst+dye) in dark condition for 30 minutes to reach adsorption-desorption equilibrium 28 . After the adsorption capacity test, the photocatalytic test was conducted by irradiating the suspended solution with a 125 W of Mercury lamp (Osram) equipped with a cylindrical pyrex tube (λ>390 nm) 29 . All experiments are surrounded by a circulating water jacket to cool down and stabilize the lamp temperatures and dye solutions (Figure 1 ). In order to evaluate the adsorption capacity and the photocatalytic performance, 7 ml of aliquots were taken every 10 and 30 minutes, respectively. All the obtained-suspended solutions from adsorption capacity and photocatalytic tests were centrifuged and decantated to remove catalyst powder. Discoloration performance was wellcontrolled at a maximum wavelength of DB71 at 588 nm by UV-Vis spectrophotometer (Philips US5300). Effect of light irradiation to dyes degradation was also studied through photolysis experiment by irradiating DB71 dyes with the absence of catalyst 30 . mixed-valent Tin oxide diffractions was observed in all diffractions, indicating that only SnO2 and Sn3O4 phases generated during the preparation process. The results of the scanning electron microscope in Fig.-3 clearly showed that SnO2/Sn3O4 have flower-like nanostructure with prickly sheets shape in detail 27, 31 . Furthermore, most of the prepared-Tin oxide surface had rough surface generated by the high formation of agglomeration, indicating prepared-Tin oxide consists of many small particles (in nano-sized). The photoresponses properties of prepared-Tin oxide clearly exhibited visible-light photoresponse (Fig.-4) , suggesting that prepared-Tin oxide has a narrow band gap semiconductor corresponding to the energy band gap of Sn3O4 32 . The presence of Sn3O4 in SnO2/Sn3O4 heterostructure provides the contribution in enhancing visible-light photoresponse of SnO2 which activate in UV-light region. To gain insight into the photoresponses properties of Tin oxides, Tauc equation was employed to calculate the bandgap energy of SnO2/Sn3O4 33 . The band gap energy is determined by calculating the slope by plotting (αhv) n versus photon energy in electron volt (eV). Inset image in Fig.-4 clearly shows the formation of heterostructure SnO2/Sn3O4 confirmed by two slopes of band gap energy.
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Adri Huda et al. From utilizing the Tauc equation, the calculated-bandgap of SnO2 and Sn3O4 consisted of heterostructure SnO2/Sn3O4 are 3.167 eV and 2.719 eV, respectively. The formation of type I heterostructure SnO2/Sn3O4 is in accordance with the work reported by Xia (2014) 26 . Furthermore, the calculated-band gap was used to calculate the minimum wavelength to activate the catalyst during the photocatalytic test by employing the eqn.-1. The calculation results 391 nm and 456 nm as minimum energy to activate SnO2 and Sn3O4, respectively. Therefore, in this experiment, we used 125W of Hg-lamp equipped with a glass tube to ensure that all the light irradiate the proper photon energy because of subjected by UVA and Visible wavelength (λ>390 nm).
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Before measuring the photocatalytic performance of SnO2/Sn3O4, the preliminary control tests are performed through measuring adsorption capacity of SnO2/Sn3O4 by directly mixing prepared-Tin oxide with dyes in dark condition. The result in Fig.-5 demonstrated that SnO2/Sn3O4 have low adsorption capacities by only removing approximately 1.4 % of color after 30 minutes of contact time. The low adsorption capacities are generated by the high formation of agglomeration in the powder system during the photocatalytic test. In addition, the low adsorption capacities are generated by electrostatic repulsion between sample dyes and surface of the catalyst. Zeta potential measurement shows that SnO2/Sn3O4 have negative charges at pH 5 (the natural pH of DB71) with pHzpc around 3 (Inset image in Fig.-5) . Meanwhile, there will be an electronic repulsion between negative charges of catalyst surface and the functional group of dyes which is categorized as negatively charged of a sulphonic group of DB71 resulting in low adsorption capacities 34 . However, it is postulated that small amount of removal through the adsorption process is performed by weak electrostatic interaction between positively charged of the tri-azo group and negative charges of Tin oxide surfaces. Furthermore, we propose the possible mechanism of electrostatic interaction and repulsion of DB71 with surface charge of prepared-Tin oxide in Fig.-6 . The photocatalytic activities of prepared-Tin oxide were evaluated by degrading tri-azo direct blue 71 (DB71) dyes under UV-visible irradiation. The pure SnO2 (Sigma Aldrich, 99.9% of purity) and the single phase of triclinic Sn3O4 were also tested to compare their performance with prepared SnO2/Sn3O4. Fig.-7 clearly reveals that photodegradation of DB71 in the presence of 50 mg SnO2/Sn3O4 semiconductor performs the most efficient degradation of DB71 than the photocatalytic activities of pure SnO2 and Sn3O4. The high photocatalytic activities of SnO2/Sn3O4 are generated by the formation of type I heterostructure which prevents recombination of photogenerated hole-electron and improves the electronic and optical properties by driving carrier mobilities 18 . To be specific, the formation of heterostructure facilitates electron transfer from valence bands of both SnO2 and Sn3O4 to the conduction band of Sn3O4 which are continuously injected to the conduction band of SnO2. Thus, the more photogenerated electrons accumulated in the conduction band of SnO2 generates more photogenerated holes in the valence band of SnO2 showing the PHOTO CATALYTIC SEMICONDUCTOR SnO2/Sn3O4
effective spatial separation which increases the lifespan of photogenerated electrons-holes. This condition generates higher photocatalytic performance compared to the intrinsic semiconductor which only has direct excitation pathways from the valence band to condition band. Furthermore, the direct excitation pathway easily recombines the excited electron and hole, resulting in lower photocatalytic performance. In this study, the plentiful amount of photon energy effectively excites an electron from the conduction band of SnO2, and Sn3O4 which is reported having high adsorption performance in UV wavelength. The kinetic rate calculation is further used to investigate the enhancement of photocatalytic performance. All obtained data is fitted with the pseudo-first-order kinetics model which was employed by plottingln(Ct/C0) obtained from discoloration of DB71 dyes as a function of light irradiation time by following the eqn.-2:
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Where, Ct and k (min -1 ) are the concentration of DB71 at a specific time and the photocatalytic degradation rate constant, respectively. The photocatalytic degradation rate of SnO2/Sn3O4 has 4.636 x 10 -2 min -1 which is 2.5 and 3 times faster compared to SnO2 (1.859 x 10 -2 min -1 ) and Sn3O4 (1.444 x 10 -2 min -1 ), respectively. The linear relationships between -ln(C/C0) and the light irradiation time are well found in fitting with more than 90% linear fit of adjusted R square (R 2 ) except the photocatalytic degradation conducted by SnO2 (89%) indicating the excellent agreement with the pseudo-first-order kinetics model. Moreover, not only forming high-efficiency photocatalytic degradation, prepared-Tin oxide exhibited three times of blue shifting phenomenon during photocatalytic degradation ( Figure 9 ). In literature reviews [35] [36] [37] , blue shifting phenomenon is originated from de-ethylation and/or de-methylation process of dyes through the mineralization process resulting in the formation of intermediate phases. In order to propose the intermediate phases and photocatalytic degradation mechanism, the investigation is done by investigating maximum adsorption wavelength changes of dyes after treatment. The shifting of maximum wavelength is correlated by changing the chemical structure of dye. In order to see how the chemical structure changes the maximum wavelength, we tried to trace the sub-class and derivatives of DB71 which potential become the intermediate phase of DB71 and matched their structure with their maximum wavelength. Table-1 presents some sub-class and derivatives of azo dyes which have a similar structure with the functional group of DB71. This approach is also done by investigating the correlation between the maximum wavelength and the chemical structure of dyes. After investigating the correlation between the chemical structure of sub-class and derivatives of DB71, the photocatalytic degradation mechanism is proposed. According to our analysis, the photocatalytic degradation mechanism is begun by attacking azo linkage of DB71 marked as the adsorption band responses PHOTO CATALYTIC SEMICONDUCTOR SnO2/Sn3O4 Adri Huda et al.
in a visible light region located at ~580 nm owing to n →π * transition. Furthermore, the breakage of azo linkage continues and forms the red colored dye solution which has naphthalene functional group as chromophore detected in 285 nm of wavelength and it has 500-530 nm as maximum adsorption spectrum 38 . It could be proposed that this is the first intermediate product which has a chemical structure like Acid Red 88 (Table-1) . Moreover, photocatalytic degradation is regularly continued by degrading another chromophore group through N-demethylation, de-amination and oxidative degradation leaving benzene and naphthalene rings which relatively having no color but clearly detected in peaks UV-vis spectrophotometer (Fig.-9) 38,39 . However, some peaks in UV wavelength is still detected after 120 min of light irradiation such as benzene and naphthalene due to the formation of some intermediate of aromatic rings. Figure-10 shows proposed-photocatalytic mechanism using prepared-Tin oxide.
CONCLUSION
The high efficient visible-light activated photocatalytic semiconductor have successfully synthesized using the one-step hydrothermal method and form type I heterostructure SnO2/Sn3O4. The photocatalytic test shows that SnO2/Sn3O4 has high-efficient photocatalytic degradation of DB71 with a kinetic rate constant of 4.636 x 10 -2 min -1 which is 2.5 and 3 times faster compared to SnO2 (1.859 x 10 -2 min -1 ) and Sn3O4 (1.444 x 10 -2 min -1 ), respectively. The study proved that heterostructure formation of tin oxides prevents the recombination of photogenerated hole-electron which commonly generated in intrinsic semiconductor and improves the electronic and optical properties by driving carrier mobilities. We believe that SnO2/Sn3O4 has the potential to become a high-efficiency photocatalytic semiconductor which offers an energy-saving option for removal treatment of environmental pollutants.
